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LANCING DEVICE WITH FLOATING LANCET 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the priority benefit of U.S. Provisional Application 
Ser. No. 60/456,927, filed March 24, 2003, which is hereby incorporated by reference 
herein. 

FIELD OF THE INVENTION 
[0002] The present invention relates generally to the field of medical sampling 
devices, and more particularly to a lancing device having a precision-guided, high- 
velocity, low-mass lancet, which is inertially propelled and floats within a sliding lancet 
carrier. 

BACKGROUND OF THE INVENTION 
[0003] Various lancing devices are known for penetrating the skin of a human or 
animal subject at a lancing site for obtaining a sample of blood or other body fluids. In 
general, a typical lancing device includes a housing containing a lancet connected to a 
spring-driven drive mechanism, a cocking mechanism for arming or energizing the 
drive-spring, and a trigger mechanism for releasing the drive mechanism to complete 
the lancing operation. 

[0004] In order to encourage compliance with a prescribed sampling regimen, for 
example as in blood glucose sampling by diabetics, it is desirable to minimize the pain 
and discomfort resulting from the lancing procedure. To date, efforts to minimize pain 
from lancing have largely focused on controlling the depth of penetration into the 
subject's skin at the lancing site. For example, many lancing devices include a depth- 
control mechanism for varying the depth of penetration, either by adjusting the distance 
of travel of the lancet tip, or by adjusting the position of an endcap through which the 
lancet protrudes during the lancing operation. 
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[0005] Advances in lancing device technology have, to some extent, reduced the 
pain associated with the lancing process. However, further improvement in reducing 
pain and discomfort associated with the lancing process is a continuing need. It is to an 
improved lancing device meeting this and other needs that the present invention is 
primarily directed. 

SUMMARY OF THE INVENTION 
[0006] The present invention provides improved lancing devices having a low- 
mass lancet carried in a carrier. The lancet and carrier arrangement provides precision 
guidance of the lancet to minimize rocking and lateral movement of the lancet as it 
punctures the skin at the lancing site, minimizing tearing of tissue and resultant pain. 
The lancet and carrier are inertially propelled through a high-velocity lancing stroke, with 
the lancet floating within a bore in the carrier and not in direct engagement with the 
drive mechanism. This results in a lower mass behind the lancet and a higher lancet 
velocity during puncturing. The combination of low mass and high lancing stroke 
velocity has been found to further minimize the pain sensed by a human or animal 
subject. 

[0007] Generally described, the present invention includes a multi-use or 
disposable lancing device comprising a drive mechanism and a lancet. The drive 
mechanism includes a drive spring and a carrier that is driven by the drive spring 
through a lancing stroke. The lancet is slidingly engaged by the carrier and, during at 
least a portion of a lancing stroke, floats relative to the carrier and is decoupled from the 
drive mechanism. In this way, the carrier engages and drives the lancet through a first 
portion of the lancing stroke, and then the lancet is inertially propelled through a second 
portion of the lancing stroke after the carrier is stopped. 

[0008] In a first example embodiment, the lancet is received in or is a part of a 
sled, which in turn is slidably received in the carrier. In a second example 
embodiment, the lancet is slidably received directly in the carrier. In either embodiment, 
a carrier stop member is provided that limits the travel of the carrier, but not the 
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lancet/sled, before the lancet/sled reaches an extended position. A lancet stop member 
limits the travel of the lancet/sled in the extended position, the lancet stop preferably 
being a separate structure from the carrier stop. 

[0009] In another aspect of the invention, the carrier comprises a carriage that is 
slidably received in the housing chamber and that has a bore that slidably receives the 
lancet. The carrier further comprises one or more wings extending outwardly of the 
housing. In this way, the lancing device can be armed by retracting the wings to a 
cocked position with the carrier in a retracted position. Preferably, one or more struts 
extend between the carriage and the wings, and project through one or more slots in the 
housing. In this way, after the lancing device is fired but before the lancet reaches an 
extended position, the carrier is stopped by the carrier struts engaging one or more stop 
surfaces defined by the housing slots. 

[0010] In yet another aspect of the invention, the lancing device includes a 
cocking mechanism comprising at least one cocking arm and at least one engagement 
surface. The cocking arm extends from the sled, the lancet, the carrier, or another 
component of the drive mechanism. The engagement surface is positioned on the 
housing or elsewhere for retaining the cocking arm in a cocked position with the carrier 
in a retracted position. Also, a trigger mechanism includes a release button with a catch 
release member that, when the release button is moved, engages the cocking arm and 
releases the carrier to move to the extended position for puncturing skin at the lancing 
site. 

[0011] And in still another aspect of the invention, the lancing device has a 
penetration depth adjustment mechanism comprising an endcap that rotates relative to 
the lancing device housing. The lancet includes at least one engagement surface, and 
the endcap has a plurality of stop surfaces that can be selectively aligned with and 
engaged by the lancet engagement surface to limit forward lancet movement at different 
depths. In addition, the carriage preferably has a flared proximal section with a flared 
bore that receives the endcap stop surfaces not aligned with and engaged by the lancet 
body engagement surface. 
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[0012] In another aspect of the invention, the present invention includes methods 
of lancing the skin of a subject to obtain a sample of body fluid. The methods preferably 
include driving a lancet or a lancet-holding sled through a first portion of a lancing stroke 
by engagement with a carrier and a drive mechanism; stopping the motion of the carrier; 
and allowing the lancet or a lancet-holding sled to continue through a second portion of 
the lancing stroke after the carrier is stopped. Preferably, the carrier is stopped by 
impacting the carrier, but not the lancet, against a carrier stop surface before the lancet 
reaches an extended position. 

[0013] These and other aspects, features, and advantages of the invention will be 
understood with reference to the drawing figures and detailed description herein, and 
will be realized by means of the various elements and combinations particularly pointed 
out in the appended claims. It is to be understood that both the foregoing general 
description and the following brief description of the drawings and detailed description of 
the invention are exemplary and explanatory of preferred embodiments of the invention, 
and are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
[0014] FIG. 1 is a perspective view of a lancing device according to a first 
example embodiment of the present invention. 

[0015] FIG. 2 is a longitudinal cross-section view of the lancing device of FIG. 1, 
with the lancet carrier in a retracted position for cocking the device. 
[0016] FIG. 3 is a longitudinal cross-section view of the lancing device of FIG. 1, 
in an armed state. 

[0017] FIG. 4 is a longitudinal cross-section view of the lancing device of FIG. 1, 
with the lancet in an extended position of the lancing stroke for puncturing the skin. 
[0018] FIG. 5 is an exploded perspective view of a lancing device according to a 
second example embodiment of the present invention. 

[0019] FIG. 6 is a front perspective view of a carrier of the lancing device of FIG. 
5. 
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[0020] FIG. 7 is a rear perspective view of a carrier of the lancing device of FIG. 
5. 

[0021] FIG. 8 is a front perspective view of a lancet of the lancing device of FIG. 
5. 

[0022] FIG. 9 is a rear perspective view of an endcap of the lancing device of 
FIG. 5. 

[0023] FIG. 10 is a longitudinal cross-section view of the lancing device of FIG. 5, 
with the lancet and carrier in a rest position. 

[0024] FIG. 1 1 is a longitudinal cross-section view of the lancing device of FIG. 5, 
with the lancet and carrier in a retracted position. 

[0025] FIG. 12 is a cross-section view of the lancing device taken at line G-G of 
FIG. 11. 

[0026] FIG. 13 is a cross-section detail view, Detail "H" of FIG. 12, showing the 
cocking arm catch being retained in place. 

[0027] FIG. 14 is a longitudinal cross-section view of the lancing device of FIG. 5, 
with the lancet and carrier in an activated or firing position. 

[0028] FIG. 15 is a cross-section view of the lancing device taken at line J-J of 
FIG. 14. 

[0029] FIG. 16 is a cross-section detail view, Detail "K" of FIG. 15, showing the 
cocking arm catch being released for firing. 

[0030] FIG. 17 is a longitudinal cross-section view of the lancing device of FIG. 5, 
with the carrier in a stopped position. 

[0031] FIG. 1 8 is a longitudinal cross-section view of the lancing device of FIG. 5, 
with the carrier stopped and the lancet continuing to the extended or puncturing 
position. 

[0032] FIG. 19 is an exploded perspective view of the carrier (in cross section), 
lancet, and endcap of the lancing device of FIG. 5. 

[0033] FIG. 20 is a perspective view of the carrier (in cross section), lancet, and 
endcap of FIG. 19, with the endcap in a safety position. 
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[0034] FIG. 21 is a perspective view of the carrier (in cross section), lancet, and 

endcap of FIG. 19, with the endcap in a shallow puncturing depth position. 

[0035] FIG. 22 is a perspective view of the carrier (in cross section), lancet, and 

endcap of FIG. 21, with the lancet fired and in the puncturing position. 

[0036] FIG. 23 is a perspective view of the carrier (in cross section), lancet, and 

endcap of FIG. 19, with the endcap in a deep puncturing depth position. 

[0037] FIG. 24 is a perspective view of the carrier (in cross section), lancet, and 

endcap of FIG. 23, with the lancet fired and in the puncturing position. 

[0038] FIG. 25 is a front view of the carrier and lancet of FIG. 1 9. 

[0039] FIG. 26 is a front view of an alternative lancet for use with the carrier and 

endcap of FIG. 19. 

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS 
[0040] Referring now to the drawing figures, wherein like reference numerals 
represent like parts throughout, preferred forms of the present invention will now be 
described. It is to be understood that this invention is not limited to the specific devices, 
methods, conditions, or parameters described and/or shown herein, and that the 
terminology used herein is for the purpose of describing particular embodiments by way 
of example only. Thus, the terminology is intended to be broadly construed and is not 
intended to be limiting of the claimed invention. In addition, as used in the specification 
including the appended claims, the singular forms "a," "an," and "the" include the plural, 
plural forms include the singular, and reference to a particular numerical value includes 
at least that particular value, unless the context clearly dictates otherwise. Furthermore, 
any methods described herein are not intended to be limited to the sequence of steps 
described but can be carried out in other sequences, unless expressly stated otherwise 
herein. 

[0041] FIGS. 1-4 show a lancing device 10 according to a first example 
embodiment of the invention. Referring to FIGS. 1 and 2, the device 10 includes a 
housing 12, preferably formed of two inter-engaging half-shells 12a, 12b. Generally, the 
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housing 12 has a proximal end 14, a distal end 16, and one or more sidewalls 18. In 
the depicted embodiment, the housing 12 is generally cylindrical and is formed of plastic 
and/or other substantially rigid material(s), as for example by injection molding. It will be 
understood that other housing configurations and materials may be suitably used. In 
addition, a penetrable foil covering or removable cap (unshown) preferably initially 
covers the opening at the proximal end 14 of the housing 12 to maintain sterility prior to 
use of the device 10. 

[0042] A drive mechanism includes a drive member such as a carrier 20 that is 
slidably mounted to the housing 12. The carrier 20 preferably includes a carriage 22 
mounted within a channel 24 extending axially through the housing 12, and one or more 
sleeves or wings 26 extending outwardly of the housing 12 and connected to the 
carriage by a strut 28 projecting through a slot 30 in the sidewall 18 of the housing. The 
carriage 22 is preferably engaged within the channel 24 with a close sliding fit to 
minimize rocking and lateral motion, and to constrain the carriage to translation along 
an axial path parallel to direction arrow "a." The struts 28 preferably slide within the slot 
30 with a close sliding fit, further defining the path of translation of the carrier 20 and 
preventing twisting of the carrier within the housing 12. The sleeves or wings 26 
provide a gripping surface for the user to grasp to pull back the carrier 20 for cocking 
the lancing device. As such, the wings 26 may be provided by tabs, collars, finger rests, 
and other grasping members. In the depicted embodiment, for example, the wings 26 
generally conform to the shape of the housing 12 and are in the form of sleeves that 
extend a majority of the way around the housing. 

[0043] In addition, a proximal hole or opening 32 is formed in the proximal face of 
the carriage 22 of the carrier 20 for allowing passage of a lancet tip during lancing, as 
described below. A distal hole or opening 34 is formed in the distal face of the carriage 
22 of the carrier 20 for allowing passage through it of a cocking arm portion of the lancet 
sled, as described below. And a stepped bore 36 (including a track, channel, etc.) 
preferably extends axially through the carriage 22 of the carrier 20, forming a distally- 
facing shoulder 38. 



8 Attorney Docket No.: 2G02.1-101 

PATENT 

[0044] A lancet sled 40 is slidably mounted within the bore 36 of the carriage 22, 
and includes a lancet 42 having a sharp lancing tip 44. The bore 36 is preferably 
cylindrical, but it may have a square of other cross-sectional shape, if desired, and is 
axially longer than a body of the lancet 42. The lancet 42 may be integrally formed with 
the lancet sled 40, for example, in a disposable lancing device embodiment. Or it may 
be a separate component secured to the sled, as by a friction fit within a receptacle of 
the sled as shown, for example, in a multi-use lancing device embodiment. The sled 40 
and lancet 42 preferably have a low mass relative to known lancet and drive 
mechanisms. A return spring 46 is preferably engaged between a flange or projection 
47 extending from the lancet sled, and the shoulder 38 of the carrier 20. 
[0045] A cocking mechanism preferably comprises at least one cocking arm 48 
that extends distally from the lancet sled 40 and includes a catch such as a barb 50 for 
engaging an engagement surface such as a flange or shoulder 52 of the housing 12 to 
secure the sled and carrier arrangement in a cocked position, as shown in FIG. 2. 
Alternatively, the cocking arm 48 may extend from the carrier 20, from the: lancet 42 
(e.g., in embodiments with the lancet and sled integrally formed as one piece), or from 
another component of the device 10. And the drive mechanism includes a drive spring 
54 that is preferably engaged between the carrier 20 and the housing 12, for driving the 
lancet sled 40 and carrier 20 through a lancing stroke from the cocked position (see 
FIG. 2) to the extended position (see FIG. 4). It will be understood that other 
conventional cocking mechanisms may be suitably employed. 

[0046] A trigger mechanism includes a trigger or release button 60 that is 
preferably mounted at the distal end 16 of the housing 12. The release button 60 
includes a catch release member such as an inclined cam face 62 for engagement 
against a cooperating inclined face 63 or other catch release member of the cocking 
arm 48. A spring 64 is preferably provided to bias the release button 60 distally from 
the housing 12. When the release button 60 is depressed, the inclined cam face 62 
engages the cooperating inclined face 63 to release the barb 50 from the shoulder 52, 
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thereby firing the device 10 and initiating a lancing operation. It will be understood that 
other conventional trigger mechanisms may be suitably employed. 
[0047] FIGS. 2-4 depict a sequence of operation of the lancing device 10 and a 
first example method of lancing according to the present invention. The lancing device 
10 is preferably delivered to the user in an uncocked state, with the drive spring 54 
substantially or partially relaxed. The user cocks the device 10 by gripping the housing 
12 and the wings 26, and pulling the wings (and thereby the carriage 22 and sled 40) 
distally relative to the housing, into the cocked position shown in FIG. 2, with the drive 
spring 54 substantially fully compressed. Interaction between the shoulder 38 of the 
carriage 22 and the flange 47 of the sled 40 withdraws the sled distally along with the 
carrier during cocking. Engagement of the catch barb 50 with the engagement shoulder 
52 retains the carrier 20 in a cocked position after the wings 26 are released, allowing 
the carrier to move forward (proximally) within the channel 24 under the biasing 
influence of the drive spring 54, as shown in FIG. 3. The user then places the proximal 
face 14 of the housing 12 against the skin at the sampling site of a human or animal 
subject. The device 10 is fired to complete the lancing operation by pressing the 
release button 60, the inclined face 62 of which contacts the cooperating inclined face 
63 of the cocking arm 48 and disengages the catch barb 50 from the engagement 
shoulder 52. Then the drive spring 54 propels the sled carrier 20 and the lancet sled 40 
forward to initiate the lancing stroke. 

[0048] When the lancing stroke begins, the sled 40 is retained in a retracted 
position, toward the distal end of the bore 36 in the carriage 22. The sled 40 is retracted 
in the back of the bore 36 as a result of the engagement of the barb 50 and the shoulder 
52 holding the carrier back, combined with the forward bias of the drive spring 54 
against the carrier 20 (see FIG. 3). After operating the trigger to fire the device 10, the 
carrier 20 is released and now moves forward under the influence of the drive spring 54, 
carrying the lancet sled 40 along with it. The carrier 20 and lancet sled 40 move 
forward together until there is an impact with a carrier stop such as a proximal endwall 
70 of the slot 30 of the housing 12. For example, the stopping may be caused by the 
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carrier struts 28 impacting the housing slot proximal endwalls 70, the carrier wings 126 
impacting a protruding structure on the exterior of the housing 12, or by other means. 
Inertia propels the lancet sled 40 forward after the carrier 20 stops, with the sled 40 and 
lancet 42 no longer being coupled to the carrier 20 or the spring 44 of the drive 
mechanism. 

[0049] The sled 40 slides forward through the bore 36 to the extended position, 
shown in FIGS. 1 and 4, wherein the sharp lancet tip 44 passes through the hole 32 and 
projects a distance beyond the proximal face of the housing 12 to puncture the subject's 
skin at the sampling site. The lancet sled 40 is stopped in the extended position by a 
stop member such as an inside wall of the carriage, the housing, an endcap, or another 
structure. In any case, the lancet sled stop and the carrier stop preferably are two 
separate structures, that is, they are not one and the same (even though they may both 
be defined by the endap or the housing or another component of the lancing device). 
[0050] Because the low-mass sled 40 and lancet 42 slide decoupled from the 
drive mechanism (i.e., they "float") during that portion of the lancing stroke during which 
the skin is punctured, the subject senses less impact by the sharp lancet tip 44 against 
the skin than with known lancing devices. This significantly reduces the sensation of 
pain relative to that resulting from lancing with other devices. After puncturing the skin 
at the sampling site, the return spring 46 retracts the lancet sled 40 back through the 
bore 36 of the carriage 22, withdrawing the sharp lancet tip 44 back into the housing 12 
to prevent inadvertent needle sticks or bloodborne contamination. 
[0051] In alternative embodiments, a penetration-depth adjustment mechanism is 
provided to allow adjustment of the depth of penetration of the lancet tip into the skin of 
the sampling site. For example, the penetration-depth adjustment mechanism may be 
provided by a rotatable endcap on the proximal end of the housing, with the endcap 
joined to the housing by a threaded connection permitting the endcap to be extended 
and retracted axially relative to the housing by twisting the endcap. In still other 
alternative embodiments, the endcap has one or more adjustably positionable internal 
stop members that limit the distance of travel of a lancet. 
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[0052] FIGS. 5-24 show a lancing device 110 according to a second example 
embodiment of the invention. The lancing device 1 10 is similar to the lancing device 10 
of the first example embodiment. Structural differences include the device 110 
combining the carrier and sled into one component, and the addition of an innovative 
penetration depth adjustment mechanism, as described below. 

[0053] Referring to FIGS. 5-10, the lancing device 110 includes a housing 112, a 
drive mechanism, a lancet 142, a cocking mechanism, a trigger mechanism, and an 
endcap 172. Generally, the housing 112 has a proximal end, a distal end, and one or 
more sidewalls. The endcap 172 preferably includes an opening or passage through 
which a lancing tip extends for puncturing. In the depicted embodiment, the endcap is 
separate from and attached to the housing. Alternatively, the endcap may be integrally 
formed with the housing into a single piece without depth adjustment capability, in which 
case the endcap is essentially an endwall of the housing. As such, the term "endcap" 
as used herein includes any structure at the proximal end of the housing, whether 
separate from or integral to the housing. 

[0054] The drive mechanism includes a lancet carrier 120, shown with 
particularity in FIGS. 6 and 7. The lancet carrier 120 preferably includes a carriage 122 
mounted within a chamber 124 extending axially through the housing 112, and one or 
more sleeves or wings 126 extending outwardly of the housing and connected to the 
carriage by a strut 128 projecting through a slot 130 in the housing. The carriage 122 
translations along an axial path parallel to direction arrow "a." A proximal hole or 
opening is formed at the proximal end of the carriage 122 of the carrier 120 for allowing 
passage of a lancet tip during lancing, as described below. A bore 136 preferably 
extends axially through the carriage 122 of the carrier 120. The bore 136 is preferably 
cylindrical, but it may have a square of other cross-sectional shape, if desired. And the 
drive mechanism further includes a drive spring 154 that is preferably engaged between 
the carrier 120 and the housing 112, for driving the carrier and lancet 142 through a 
lancing stroke from the cocked position (see FIG. 14) to the extended position (see FIG. 
19). 
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[0055] The lancet 142 is preferably slidably mounted within the bore 136 of the 
carriage 122, and includes a lancet body 143 and a sharp lancing tip 144. The bore 136 
is preferably cylindrical, but it may have a square of other cross-sectional shape, if 
desired, and is axially longer than the lancet body 143. Alternatively, the carriage 122 
may be provided by a disc, piston, finger, or other drive member that pushes the lancet 
142, but that does not have a bore for receiving it, so that the lancet sliding floats 
relative to the carriage and in the chamber 124 . The lancet 42 may be of a 
conventional type, or it may have special features for cooperating with the endcap to 
control the penetration depth, as described below. The lancet 142 preferably has a low 
mass relative to known lancets. A return spring 146 is preferably engaged between the 
lancet body 143 and the endcap 172. 

[0056] The cocking mechanism preferably comprises at least one cocking arm 
and engagement surface for securing the carrier in a cocked position. In the depicted 
embodiment, for example, the cocking mechanism has two cocking arms 148 that 
extend distally from the carrier 140, each with a catch such as a barb 150 for engaging 
an engagement surface such as a flange or shoulder 152 of the housing 112, as shown 
in FIG. 13. 

[0057] The trigger mechanism preferably comprises a trigger spring 164 and a 
release button 160. The release button 160 preferably includes a catch release 
member such as an inclined cam face 162 for engagement against a cooperating 
inclined face 163 or other catch release member of the cocking arm 148, as shown in 
FIG. 16. 

[0058] In alternative embodiments, the carrier 120 is included in other lancing 
devices in which the lancet fits snugly therein without slidably floating therein so that the 
lancet and carrier do not decouple during the lancing stroke. In this way, the carriage of 
the carrier acts as a conventional lancet holder. Such lancing devices may include the 
cocking and trigger mechanisms described herein or others. While these lancing 
devices do not produce the pain-reducing advantages associated with decoupling the 
lancet from the drive mechanism, they nevertheless provide improved guidance and 
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control of the lancet, which tends to reduce lateral movement and rocking of the lancet 
and thereby reduce pain sensed during puncturing. 

[0059] FIGS. 10-18 depict a sequence of operation of the lancing device 110 and 
a second example method of lancing according to the present invention. As shown in 
FIG. 10, the lancing device 110 is preferably delivered to the user in an uncocked, rest 
state, with the drive spring 54 substantially or partially relaxed. The user cocks the 
device 110 by gripping the housing 112 and the wings 126, and pulling the wings (and 
thereby the carriage 122 and lancet 142) distally relative to the housing, into the cocked 
position shown in FIGS. 11-13, with the drive spring 154 substantially fully compressed. 
The return spring 146 withdraws the lancet 142 distally along with the carrier 120 during 
cocking. Engagement of the cocking arm catch barb 150 with the engagement shoulder 
152 retains* the carrier 120 in the cocked position after the wings 126 are released, as 
shown in FIG. 13. 

[0060] ; The user then places the proximal face of the housing 112 against the skin 
at the sampling site of a human or animal subject. The device 1 10 is fired to complete 
the lancing operation by pressing the release button 160, as shown in FIGS. 14-16. 
When this is done, the inclined face 162 of the release button 160 contacts the 
cooperating inclined face 163 of the cocking arm 148 and disengages the catch barb 
150 from the engagement shoulder 152, as shown in FIG. 16. Upon operating the 
trigger mechanism, the carrier 120 is released and the lancing stroke is initiated. The 
carrier 120 is now propelled forward under the influence of the drive spring 154, carrying 
the lancet 142 along with it. 

[0061] The carrier 120 and lancet 142 move forward together until there is an 
impact with a carrier stop such as a proximal endwall 170 of the slot 130 in the housing 
112. For example, the stopping may be caused by the carrier struts 128 impacting the 
housing slot proximal endwalls 170 (as shown in FIG. 17), a proximal face of the 
carriage 122 impacting a distal face of the endcap 172, or by other means. Inertia 
propels the lancet 142 forward after the carrier 120 stops, with the lancet 142 no longer 
being coupled to the carrier 120 or the spring 144 of the drive mechanism. 
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[0062] The lancet 142 slides forward through the bore 136 of the carriage 122 to 
the extended position, shown in FIG. 18, wherein the sharp lancet tip 144 passes 
through a hole or opening 132 in the endcap 172 and projects a distance beyond the 
endcap to puncture the subject's skin at the sampling site. Because the low-mass 
lancet 142 floats decoupled from the drive mechanism of the device 110 during that 
portion of the lancing stroke during which the skin is punctured, the subject senses less 
impact by the sharp lancet tip 144 against the skin than with known lancing devices. 
This significantly reduces the sensation of pain relative to that resulting from lancing 
with other devices. After puncturing the skin at the sampling site, the return spring 146 
retracts the lancet 142 back through the bore 136 of the carriage 122, withdrawing the 
sharp lancet tip 144 back into the housing 112 to prevent inadvertent needle sticks or 
bloodborne contamination. 

[0063] In addition, a penetration-depth adjustment mechanism may be provided 
to allow adjustment of the depth of penetration of the lancet tip into the skin of the 
sampling site. For example, the penetration-depth adjustment mechanism may be 
provided by a uniquely configured carrier 120, lancet 142, and endcap 172, as shown in 
FIGS. 6-9 and 19-25. The carrier 120 and the lancet 142 are keyed so that they fit 
together in a specific orientation. Preferably, the lancet 142 has at least one male key 
member and the carrier 120 has at least one female key member, or vice versa, that 
cooperate to properly orient the lancet. In addition, the lancet 142 Jias at least one 
contact surface and the endcap 172 has a plurality of stop surfaces, or vice versa, for 
adjusting the puncturing depth of the lancet tip. 

[0064] In the depicted embodiment, for example, the lancet body 143 comprises 
four arms 174 in the shape of a T with two opposing ones of the arms having outer 
portions 174a making them longer than the other two arms (see FIGS. 8 and 25). The 
two male key members and two contact surfaces are formed by the same structure, 
namely, the two outer portions 174a of the arms 174 of the lancet body 143. The two 
arm outer portions 174a are received in two female key channels 176 in the carrier 120 
to properly orient the lancet 142 (see FIGS. 6, 18, 19, and 25). And to provide 
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penetration depth adjustability, the two arm outer portions 174a selectively engage two 
sets of three stop surfaces 178a, 178b, and 178c (collectively, the "stop surfaces 178") 
defined by protrusions 180a, 180b, and 180c (collectively, the "protrusions 180") 
extending distally from the endcap 172 (see FIGS. 9, 18 and 19). It will be understood 
that another number of protrusions 180 and stop surfaces 178 may be provided, as may 
be desired for a given application. 

[0065] The protrusions 180 are circumferentially arranged relative to the lancet 
142, so that the arms 174 without outer portions 174a are circumscribed by the 
circumferential protrusions, but the outer portions interfere with the protrusions when 
they are in alignment (see FIG. 25). In this way, the endcap 172 can be rotated so that 
one of the three protrusions 1 80 of each protrusion set aligns with and contacts the two 
outer portions 174a to stop the lancet 142, while the other two protrusions of each set 
are out of alignment with the outer portions and do not interfere with the lancet. 
Preferably, the carriage 122 has a flared proximal section 122a with a flared bore 136a 
that receives the two protrusions 180 that are not aligned with the outer portions 174a of 
the longer arms 174 (see FIGS. 6, 18, and 25). The flared bore 136a has a larger 
diameter or other size-indicating dimension than the bore 1 36. 

[0066] FIGS. 20-24 show the use of the adjustment mechanism and a method of 
adjusting a lancing device for various penetration depth settings. In FIG. 20, the endcap 
172 is positioned with the first/longest protrusions 180a aligned with the arm outer 
portions 174a, so that if the lancing device is accidentally fired the lancing tip 144 will 
not extend beyond the endcap. 

[0067] In FIG. 21, the endcap 172 has been rotated (in the direction of arrow "r") 
to a shallow puncturing depth position with the second/intermediate length protrusions 
180b aligned with the arm outer portions 174a. In FIG. 22, the lancet 142 has been 
fired and is in the puncturing position, with the second/intermediate length protrusions 
180b contacting the arm outer portions 174a to stop the lancet in the shallow puncturing 
depth position. 
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[0068] In FIG. 23, the endcap 172 has been rotated farther to a deep puncturing 
depth position with the third/shortest length protrusions 180c aligned with the arm outer 
portions 174a. In FIG. 24, the lancet 142 has been fired and is in the puncturing 
position, with the third/shortest length protrusions 180c contacting the arm outer 
portions 174a to stop the lancet later, in the deep puncturing depth position. 
[0069] It will be understood that the adjustment mechanism can be provided in 
alternative forms. In one alternative embodiment, the carrier 120 and the endcap 172 
are the same, but the lancet 242 has a body 243 that generally conforms to the shape 
of the bore 136 defined in the carriage 122 and that has outer portions 274a extending 
therefrom (see FIG. 26). In another alternative embodiment, the endcap protrusions 
that are not aligned with the outer portions are received in recesses in the lancet body 
to avoid movement-limiting interference with the lancet. And in another alternative 
embodiment, the adjustment mechanism is included in lancing device with a lancet that 
is coupled to the drive mechanism so that it does not float separately therefrom, with the 
female key channels or other structures being defined in the housing or another 
component of the lancing device. 

[0070] Accordingly, it can be seen that the present invention provides advantages 
over other lancing devices. In particular, the present invention includes lancing devices 
in which the drive mechanism is decoupled from lancet so that, when the skinr is 
pierced, the lancet floats free of the mass of the drive mechanism. Because of this 
decoupling and free-floating, there is less mass behind the lancet tip when impacting 
the skin, which reduces the pain felt by the user. In addition, because the drive spring is 
decoupled from the lancet when the skin is pierced, this prevents restrikes from spring- 
induced lancet oscillations. Furthermore, the lancet has a high velocity relative to 
previous lancing devices because of the reduced mass/energy ratio from decoupling the 
lancet from the drive mechanism. 

[0071] It should be understood that the foregoing relates only to example 
embodiments of the present invention, and that numerous changes, additions, 
modifications and deletions may be made from the example embodiments described 
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without departing from the spirit and scope of the invention as defined by the following 
claims. 



